Patterning parameters associated with the branching of the ureteric bud regulated by epithelial-mesenchymal interactions.
The mechanisms by which the branching of epithelial tissue occurs and is regulated to generate different organ structures are not well understood. In this work, image analyses of the organ rudiments demonstrate specific epithelial branching patterns for the early lung and kidney; the lung type typically generating several side branches, whereas kidney branching was mainly dichotomous. Parameters such as the number of epithelial tips, the angle of the first branch, the position index of the first branch (PIFB) in a module, and the percentage of epithelial module type (PMT) were analysed. The branching patterns in the cultured lung and kidney, and in homotypic tissue recombinants recapitulated their early in vivo branching patterns. The parameters were applied to heterotypic tissue recombinants between lung mesenchyme and ureteric bud, and tip number, PIFB and PMT values qualified the change in ureter morphogenesis and the reprogramming of the ureteric bud with lung mesenchyme. All the values for the heterotypic recombinant between ureteric bud and lung mesenchyme were significantly different from those for kidney samples but similar to those of the lung samples. Hence, lung mesenchyme can instruct the ureteric bud to undergo aspects of early lung-type epithelial morphogenesis. Different areas of the lung mesenchyme, except the tracheal region, were sufficient to promote ureteric bud growth and branching. In conclusion, our findings provide morphogenetic parameters for monitoring epithelial development in early embryonic lung and kidney and demonstrate the use of heterotypic tissue recombinants as a model for studying tissue-specific epithelial branching during organogenesis.